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(54) CONTINUOUS PRODUCTION OF CARBON NANOTUBE AND APPARATUS 
THEREFOR 
(57)Abstract: 

PURPOSE: To provide a process for the continuous 
mass-production of carbon nanotube while stabilizing 
electrical discharge and keeping the stability and 
reliability of the operation. 

CONSTITUTION: This apparatus for the continuous 
production of carbon nanotube is provided with a closed 
vessel 1 , a cathode 2 placed in the closed vessel 
keeping the center axis in horizontal direction, an anode 
6 horizontally placed in the closed vessel in a state 
opposite to the cathode face of the cathode and 
separating the center axis from the center of the cathode 
by a definite distance, driving mechanisms 4, 5 to 
continuously or intermittently rotate or reciprocate the 
cathode and the anode relative to each other, an anode- 
moving mechanism 7 for supporting and horizontally transferring the anode, an inert gas 
passing means 11 to pass an inert gas through the closed vessel, a power-supplying means 9 
to apply a prescribed electric power between the anode and the cathode and a precipitate- 
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* NOTICES 

Japan Patent Office is not responsible for any 
dam ages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 * ** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the continuous manufacture method of a carbon 

nanotube, and equipment. 

[0002] 

[Description of the Prior Art] The physical properties attract attention as a gestalt of the new carbon with 
which the carbon nanotube discovered recently follows fullerene, and application in the wide range field 
from material science to electronics is expected. Existing in the cathode sediment generated by the arc 
discharge of carbon materials, such as a graphite, was known, and this carbon nanotube was 
manufacturing the carbon nanotube by performing arc discharge, adjusting the gap of an anode plate and 
cathode with growth of the sediment of cathode, while using carbon materials, such as a graphite, as an 
anode plate conventionally using a heat-resistant electrical conducting material as cathode. 
[0003] However, since this manufacture method was a batch process, it was difficult to mass-produce, 
and since the difference in extensive ** was produced in the gap of an anode plate and cathode with 
growth of a cathode sediment, it had the defect that discharge served as instability and there was no 
stability in actuation. Furthermore, since the generated cathode sediment was in the field of prolonged 
arc discharge, the yield of a carbon nanotube was low. 
[0004] 

[Problem(s) to be Solved by the Invention] This invention was made in order to cancel the defect of such 
conventional technology, and it makes the following thing the technical problem. 

(1) Manufacture a carbon nanotube continuously and make mass production method possible. 

(2) Discharge shall be stabilized and it shall be stable and reliable in actuation. 

(3) Attain high yield-ization of a carbon nanotube. 
[0005] 

[Means for Solving the Problem] this invention persons came to complete this invention, as a result of 
repeating examination wholeheartedly that the above-mentioned technical problem should be solved. 
That is, while performing arc discharge according to this invention, moving a discharge location by 
moving continuously or intermittently a relative location of this anode plate and this cathode while using 
a carbon material as an anode plate using a heat-resistant electrical conducting material as cathode, a 
continuation manufacture method of a carbon nanotube which consists of removing a generated cathode 
sediment from this cathode is offered. Moreover, cathode arranged so that a medial axis may become 
horizontal in a well-closed container and this well-closed container according to this invention, An 
anode plate horizontally arranged so that a medial axis may estrange only a center and fixed distance of 
this cathode while countering with a cathode side of this cathode in this well-closed container, A drive 
which rotates or moves [ both-way ] relatively continuously or intermittently in this cathode and this 
anode plate, An anode plate migration device in which make it move horizontally and it gets while 
carrying out fixed support of this anode plate, An inert gas instrument of circulation which circulates 
inert gas in this well-closed container, and a feed means to supply necessary power between this anode 
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plate and this cathode, A continuation manufacturing installation of a carbon nanotube characterized by 
providing a sediment clearance means to remove a cathode sediment deposited on a cathode side in this 
cathode is offered. Moreover, according to this invention, in the above-mentioned configuration, this 
cathode is revolution cathode and a continuation manufacturing installation of a carbon nanotube 
characterized by installing this revolution cathode so that it may rotate by hand control or revolution 
driving means is offered. Furthermore, according to this invention, in the above-mentioned 
configuration, it has an amount detection means of consumption to detect the amount of consumption of 
an anode plate, and a continuation manufacturing installation of a carbon nanotube characterized by 
being constituted so that actuation of this anode plate migration device may be controlled based on the 
detection result is offered. 

[0006] This invention is explained in full detail below. An example of 1 configuration of a continuation 
manufacturing installation of a carbon nanotube by this invention is shown in drawing 1 as a schematic 
diagram seen from the equipment side, and it is shown as a schematic diagram seen from the equipment 
upper surface to drawing 2 . One in drawing is a well-closed container, and is supported by the base 
material 3 with which the revolution cathode 2 which consists of a heat-resistant electrical conducting 
material in this well-closed container 1 makes the medial-axis 2A horizontal, and consists of conductive 
materials, such as carbon. Carbon, a graphite, copper, etc. can be mentioned as a heat-resistant electrical 
conducting material used for the revolution cathode 2 here. Technique in which an end of the insulating 
shaft 4 is well-known is fixed in the center by the side of a field of a cathode side 2S and an opposite 
hand of the revolution cathode 2, the other end of this insulating shaft 4 is prolonged on the container 
outside through a vessel wall of a well-closed container 1, and a handle 5 is attached in this other end. 
And the revolution cathode 2 is pivotable by being manual or rotating this handle 5 by revolution 
driving means, such as a motor. 

[0007] It is arranged so that an anode plate 6 may make the medial-axis 6A horizontal, and the anode 
plate side 6S may be made to counter with cathode side 2S of the revolution cathode 2 on the other hand 
and the medial-axis 6A and medial-axis 2A of the revolution cathode 2 may estrange only fixed distance 
in the vertical direction. A perspective diagram shows this situation to (a) of drawing 3 . As a material 
used for an anode plate 6 here, a graphite which made a graphite, carbon or iron, copper, cobalt, etc. 
contain can be mentioned. Although clearance of medial-axis 2A of the revolution cathode 2 and 
medial-axis 6A of an anode plate 6 is based also on a size of the revolution cathode 2 and an anode plate 
6, about 20-25mm is preferably suitable for it 10-40mm. Moreover, with an edge by the side of anode 
plate side 6S of an anode plate 6, an edge of an opposite hand is fixed to the anode plate migration 
device 7, and this anode plate migration device 7 has structure of making it moving to a longitudinal 
direction of drawing 1 horizontally, and dealing in an anode plate 6. 

[0008] Moreover, in order to remove a cathode sediment deposited on cathode side 2S of the revolution 
cathode 2 by arc discharge, the sediment clearance machine 8 is installed. The sediment clearance 
machine 8 of this example of a configuration is a blade-like object, and it is fixed to the cathode base 
material 3 so that the head may touch cathode side 2S of the revolution cathode 1 in the almost same 
height as a center of the revolution cathode 2, and it has structure which fails to scratch a cathode 
sediment with a revolution of the revolution cathode 2. In this invention, a member of a configuration of 
arbitration which has the others, a plate, or the edge section of a blade-like object of instantiation etc. 
can be used here as a sediment clearance machine 8. [ thing ] 

[0009] Moreover, the gaseous helium negotiation equipment 1 1 which circulates gaseous helium is 
installed by this equipment in the feed equipment 9 which supplies power which produces arc discharge 
between the revolution cathode 2 and an anode plate 6, the evacuation equipment 10 which carries out 
evacuation of the inside of a well-closed container 1 , and a well-closed container 1 . Inert gas, such as an 
argon besides gaseous helium and nitrogen, may be used here. 

[0010] Although a relative position to an anode plate was moved by rotating revolution cathode above, 
you may make it move a relative position by rotating an anode plate by moving a relative position to 
cathode and carrying out both-way migration of either to another side instead of a rotation at least. 
Moreover, a periphery side of cylinder-like cathode may be used as an arc discharge side (cathode side). 
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Two examples of these modifications are indicated to be (b) of drawing 3 to (c). Moreover, based on a 
detection result of anchoring and this sensor, actuation of the anode plate migration device 7 is 
controlled for a sensor which detects the amount of consumption of an anode plate 6, and you may make 
it always keep constant a gap of an anode plate 6 and the revolution cathode 2. 
[001 1] Next, how to manufacture a carbon nanotube continuously using equipment of the above- 
mentioned configuration is explained. First, an anode plate 6 is moved to a direction of the revolution 
cathode 2 according to the anode plate migration device 7, anode plate side 6S of an anode plate 6 and 
cathode side 2S of the revolution cathode 2 are stuck, and the inside of a well-closed container 1 is 
exhausted witlrthe evacuation equipment 10. It is preferably appropriate for a degree of Vacuum to be 
referred to as 1 - 20Torr 0.1 to 760 Torr here. And power is supplied between an anode plate 6 and the 
revolution cathode 2 with the feed equipment 9, maintaining the inside of a well-closed container 1 at a 
vacuum, and conditioning which heats an anode plate is performed. This conditioning is a thing of 
clearances, such as oxygen and moisture, to perform for accumulating. 

[0012] Next, the gaseous helium negotiation equipment 11 adjusts preferably 1-201. per minute of 
pressures for gaseous helium with a 5-101. sink in a well-closed container 1 . here — a pressure - lOTorr 
(s)- it is appropriate to consider as 500Torr(s) - 1 atmospheric pressure preferably two atmospheric 
pressures. After preparing a quantity of gas flow and a pressure, while retreating an anode plate 6 
according to the anode plate migration device 7 and adjusting a gap of an anode plate 6 and the 
revolution cathode 2, the feed equipment 9 adjusts supply current, here — a gap of an anode plate 6 and 
the revolution cathode 2 - 0.1 -5mm - desirable - about 0.5-2mm - suitable ~ supply current - 50- 
300A - about 100-200A is preferably suitable. A rotating electrode 2 is rotated by making moderate arc 
discharge start after these adjustments, and rotating a handle 5 intermittently or continuously. And the 
sediment clearance machine 8 removes a cathode sediment deposited on cathode side 2S of the 
revolution cathode 2, and a carbon nanotube is obtained continuously. In this case, 5-10 revolution-per- 
minute degree is preferably suitable for rotational speed of a rotating electrode 2 two to 30 revolution 
per minute. Moreover, the anode plate migration device 7 is operated in connection with the amount of 
consumption of an anode plate 6, an anode plate 6 is advanced to the revolution cathode 2 side, and a 
gap with the revolution cathode 2 is kept constant. 
[0013] 

[Example] Next, the example of this invention is described. The thing of the structure shown in drawing 
1 and drawing 2 as equipment was used. Using a graphite rod (diameter of 15mm) as an anode plate, the 
center of an anode plate and the center of revolution cathode have stationed both, as there is 25mm 
distance that it is cathode up and down using the revolution cathode made from carbon (diameter of 
65mm). First, the graphite rod and revolution cathode of an anode plate were stuck, the well-closed 
container was exhausted, and the current of the degree which a graphite rod colors to low red heat with 
feed equipment was left with the sink for about 3 hours, maintaining the inside of a container at ITorr. 
Next, gaseous helium was filled in the well-closed container, gaseous helium retreated the graphite rod 
with the sink by the flow rate of about 101. per minute under 1 atmospheric pressure, and a gap with 
revolution cathode and adjustment of current were performed. The value of a gap was set as 1mm and 
the current value was set as 100A. Next, rotating a handle at the rate of about 10 revolutions per minute, 
after making moderate discharge start, the cathode sediment was made to deposit on a cathode side, it 
was failed with a sediment clearance vessel to scratch the cathode sediment, and it was removed. The 
graphite rod was advanced according to the anode plate migration device with consumption of the 
graphite rod of an anode plate, and the gap with revolution cathode was kept constant. 
[0014] About lg of powder of the cathode sediment which contains a carbon nanotube by above- 
mentioned actuation was obtained. It checked that these were carbon nanotubes from the SEM 
photograph image of this cathode sediment. When compared with the SEM photograph image of the 
cathode sediment obtained by the conventional method for the comparison, it turned out that the amount 
of generation of the carbon nanotube obtained in the example of this invention has also increased thinly. 
[0015] 

[Effect of the Invention] Since it was made to perform arc discharge according to this invention, moving 
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the relative position of an anode plate and cathode and the generated cathode sediment is simultaneously 
removable while taking out a cathode sediment from the field of arc discharge promptly, it becomes 
possible to manufacture a carbon nanotube by high yield to a large quantity continuously. Moreover, by 
always keeping the gap of an anode plate and cathode constant, discharge is stable and actuation is 
stable and reliable. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the outline which looked at the example of 1 configuration of the continuation 
manufacturing installation of the carbon nanotube by this invention from the equipment side. 
[Drawing 2] It is the schematic diagram which looked at the equipment of drawing 1 from the upper 
surface. 

[Description of Notations] 

1 Well-closed Container 2 Revolution Cathode 

2S Cathode side 2 A Medial axis 

4 Insulating Shaft 5 Handle 

6 Anode Plate 6S Anode Plate Side 

6A Medial axis 7 Anode plate migration device 

8 Sediment Clearance Machine 9 Feed Equipment 

10 Evacuation Equipment 1 1 Gaseous Helium Negotiation Equipment 



[Translation done.] 
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Japan Patent Office is not responsible for any 
dam ages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A continuation manufacture method of a carbon nanotube which consists of removing a 
generated cathode sediment from this cathode while performing arc discharge, moving a discharge 
location by moving continuously or intermittently a relative location of this anode plate and this cathode 
while using a carbon material as an anode plate using a heat-resistant electrical conducting material as 
cathode. 

[Claim 2] A continuation manufacturing installation of a carbon nanotube characterized by providing the 
following. A well-closed container Cathode arranged so that a medial axis may become horizontal in 
this well-closed container An anode plate horizontally arranged so that a medial axis may estrange only 
a center and fixed distance of this cathode, while countering with a cathode side of this cathode in this 
well-closed container A drive which rotates or moves [ both-way ] relatively continuously or 
intermittently in this cathode and this anode plate, an anode plate migration device in_which make it 
move horizontally and it gets while carrying out fixed support of this anode plate, an inert-gas 
instrument of circulation which circulates inert gas in this well-closed container, a feed means supply 
necessary power between this anode plate and this cathode, and a sediment clearance means remove a 
cathode sediment deposited on a cathode side in this cathode 

[Claim 3] It is the continuation manufacturing installation of a carbon nanotube according to claim 2 
characterized by for this cathode being revolution cathode, and installing this revolution cathode so that 
it may rotate by hand control or revolution driving means. 

[Claim 4] A continuation manufacturing installation of a carbon nanotube according to claim 2 
characterized by being constituted so that it may have an amount detection means of consumption to 
detect the amount of consumption of an anode plate and actuation of this anode plate migration device 
may be controlled based on the detection result. 



[Translation done.] 
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* NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




[Drawing 2] 




[Drawing 3] 
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